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ABSTRACT 

The  electromagnetic  properties  of  an  artificial  layered  material  with  negative 
permittivity  and  permibility  are  studied  analytically.  To  analyses  the  translation  matrix 
method  is  employed.  The  translation  matrix  for  multilayered  structure  is  found  in 
analytical  form.  The  reflection  and  propagation  coefficients  of  multilayered  plate  are 
written  in  analytical  form.  The  propagation  conditions  of  a wave  within  periodic  layered 
structure  with  negative  parameters  are  obtained  in  analytical  form. 

INTRODUCTION 

Materials  with  negative  permittivity  and  permibility  are  very  interesting  at  last  time  for 
theoretical  and  experimental  investigation.  The  wave  behavior  within  homogeneous 
material  has  been  described  in  [1]  at  first.  The  experimental  research  proofing  of 
existence  of  such  media  has  been  presented  in  [2],  The  possible  kinds  of  different 
material  with  negative  parameters  have  been  described  in  [2,3,4],  Probable  applications 
of  such  material  have  been  considered  in  [5],  Possibility  of  having  negative  permittivity 
and  permeability  in  omega  media  for  certain  range  of  frequencies  has  been  shown  in  [6] 
However  the  periodic  structures  with  negative  parameters  have  not  been  considered. 
The  problem  of  propagation  and  reflection  by  an  inhomogeneous  (layered)  plate  is  also 
interesting  for  our  consideration. 

STATEMENT  OF  THE  PROBLEM 

The  layered  medium  with  negative  parameters  p and  e of  the  layers  is  considered  in 
this  work.  Our  purpose  is  investigation  of  the  propagation  conditions  of  the  wave  within 
an  infinite  periodic  layered  medium  with  arbitrary  number  of  layers  and  the  propagation 
and  reflection  coefficients  of  a multilayered  plate.  The  translation  matrix  method  is  used 
for  analysis.  The  translation  matrix  relates  the  field  components  and  derivations  at  end 
of  the  period  to  these  at  beginning  of  this  period.  The  propagation  conditions  will  have 
been  found  in  the  analytical  form  also.  Using  the  translation  matrix  the  expressions  of 
the  propagation  and  reflection  coefficients  will  have  been  written  in  analytical  form. 

TRANSLATION  MATRIX 


Translation  matrix  of  a layer  with  negative  permittivity  and  permibility  is 

cos  k\z  j k sin \kz\ 


Mi 


sin!  kz  cosLiz 


The  translation  matrix  for  a multilayered  structure  is  found  as  production  of  matrices  of 
the  layers  and  after  mathematical  transformations  we  can  write 
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is  the  optical  thickness  of  the  i-th  wave.  fqi  is  the  function  introduced  in  [7], 

According  with  the  stable  theory  the  propagation  conditions  in  an  infinite  medium  is 
determined  by  the  expression  trh  = ±2 . Thus  for  the  considered  case  we  have 
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PROPAGATION  AND  REFLECTION  COEFFICIENTS 


The  propagation  and  reflection  coefficients  of  multilayered  plate  are  written  in  the  form 
analogous  to  ones  for  an  isotropic  layered  plate 

R (Mll  +M\2a2)G\  -(^21  +M22CT2j 

+T21  +M22°2; 


T = 


2 CT] 

(M11+M12ct2)ct14 


Io-j  +^M2i  +M22a2) 

Here  cr^  is  the  wavenumbers  in  first  and  second  medium  accordingly,  My  is  the 
element  of  the  translation  matrix. 

NUMERICAL  EXAMPLE 


For  example  the  two-layered  medium  with  the  parameters 

£]  = -1.1  s2  = 12  pj  = -1  ^2  = -1  d\  - 7xl0-6  dj  = 0.1  is  considered.  Wave 
propagation  normal  to  the  interfaces  is  studied. 

The  dependence  of  the  module  of  the  eigennumber  of  the  translation  matrix  on 
frequency  is  shown  in  Fig.l  and  Fig. 2.  As  it  is  seen  that  in  low  frequency  region  there 
are  propagation  regions,  but  in  high-frequency  region  there  only  points  of  propagation 
instead  regions. 

The  dependence  of  the  reflection  coefficient  on  frequency  is  presented  in  Fig. 3.  In 
region  to  5 GHz  the  reflection  coefficient  has  resonances.  The  physical  reason  of  this  is 
the  fact  that  the  wave  is  not  extinguished  completely  in  the  layer  with  negative 
parameters. 
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Fig.l . The  dependence  of  the 
eigennumber  of  the  translation  matrix  on 
frequency 


Fig.2.  The  dependence  of  the  eigennumber 
of  the  translation  matrix  on  frequency 


Fig.3.  The  dependence  of  the  reflection  coefficient  on  frequency 
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